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1 

[»*«u ^-^>^^^mmit<o^mx^>^x : 

#7— 1^:7 u— ; t> <h ocoHj^37 u — i\6Q 

7U-^^Sti, -?:UTt><toco®^^ -*.<*)»] 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] • jiy — *s *s=r J*\XWtk\Z- 

->ryV-Y/V* ^7"'>^7A|jl vr— ^ v * # 7 

tt5o 40 
[0 0 0 4] v^-'{ry'>i'^^v / -^Vv / t^-^7 

(" spacial light modulato 
r : SLM" ) i/Xt J* lz£ Q htl%> 0 SLM 

"Tliti ^ 7 — ("deformable mirro 
r d e v i c e s : DMD s " ) <DT ^4 LT, 

EOODMD7 U--T^^^JI^, #^;flSgSffi % iitffl^Lt 50 



4*BB¥8 - 5 1 6 3 3 

2 

©DMD7l/>fC5WSil5o — ^>">^/U-7^^ 

[0 0 0 5] ±m<D£ L^L^^P > v'-/ryv, t 

^^y-^S:««oT»liU ^LTAP^g^ti,^ 
iSv^t5i:#(^C-5 0 Bll-Bl3H:fe»K(oraJHS: 

[0 0 0 6] Hi a«^^ y — ^1 0 k*?V— ^ 

i osr««3o-c»»-rsM«-fb»a»i 2 tzm^-t 
^x±^ti^>n-rx^^> 0 ^ox, »«»^»«i-#--5 

[0 0 0 7] B)2*3j;t5ig3Wfe5>l!t^Dfir^L"C^t 
#J^*^ y — >_btwlj^^ u-i^oo^ J;^r 1/3 <Dmm 

[0 0 0 8] &ftM<Dmmni/—^>i/ J r^-% : 7-Z<' 
(-o^C-6 0 !U3tc^$ti5J;5^> A^B^ft-r 




3 

yov>9cm\±mzm<mis -%x*&tait±ijt\zit<mt>ti 

[0 0 0 9] fe^Ktta-«ift^J:!9 3£<»<(5 4r««l(c 
mis «SS(-*dsSfcti5 0 

[ooio] &»m<ommn»mM^tvMkt(D^^ 

[0 0 1 1 ] 

[0 0 12]*HK©8t4i::5l:a^ >jrv 

[0013] mzis—r^isvfrmmt^fe&mTFZti 

[0 0 14] *«W^UOlltt«tJ-T?«»-fi0^4< £ 
ffllw4fi8§n5o roH16«-cli, ^J^(^r.fe(D^/c 

[001 5] ^m(D^m<Dmmmx*n, 




(3) W¥8-5 16 33 

4 

[0016] 3taadsfen«sriibT3tSrfia*ri-5^— 5r 
3teaeaB*tt. fe[R*a>e>o#*:;*^ y-v_tiwR*N--5 

10 S-fio/>4< it-o^7-t^7i/-^, !f!~fe 

fe<W^ft< tt)t>^0(^^7"f ^7l/-^^t>tO(^ 

[0 0 17] *ISM«ofi:B*fttl5WWfi:W:. t>i:oc^U 

tttdJ:oXm-fe^fti«:*tb5^FM*«r«*S^5C^ 
^cJ:l9^gt^^ : L<{g:MLXV^5^Xfc5 0 ^$£W<D 

itiy^^M^xm^^m^m^^tcMz^u> 

20 K««asffi/B $ v * 5 $> £ 0 

[0 0 18] ^P^^tc^o^^jElw^tc^-r 

Htw»xra«^#^ttra«w««*^Lxv^So 

[0 0 19] 

Mt-BiiSbXttML^io ix— lr>i/-rsi" $7 — is*T 
^«itoI45M^t^, SLMgf (cixlc:8R£ 

30 ;tx£ 0 ^7-^fAOT/y^-v' 

3 >(Dtx*t)#^T/y 7— >a yfi, «^7i^ 

tT (NTSC, PAL, SECAM*fcr±-tt75ffi<73** 

[0020] 0 4ii*^p^(o#^cor^ , y voo 

• ^7-lM^7A2 0(i^o-fe?/lh2 2£r^ 

40 2ti^^ey 2 4 i:DMDTM 2 6 IwiB^StlXl^ 
5 0 ^ * y 2 4 tt^ t DMD7 K 2 6 Ut6ft^ 
^yAM5fci6ICDMDTW 2 6 (;i<b#£^£*lX^ 
6 0 -7v±y^2 2«^feSfs«2 7^t*S^*ixXV> 

7 f — ^tt^^ey 2 4tr|alft*ixSo ^^ey2 4fi*fc % 

W^tfKttA^rV i^^^lfttT*-^ ^ LXfei^$^i 
50 5<!r%Xfo6o gjt^2 7XS:m$ti/c®^A^^-^ 




5 

te:/Di?;y^2 2-C'M$tlTDMD7K 2 6 v KM 

[0 0 2 1] ^Dir^i^2 2 137^2 8. feR^3 0. 
igJ:(/DMDTK2 6^jaU JtM2 8frib(D?t& 
£R2£3 O&moX&m&tl, DMD7M 2 6 Xf&JtJ 
StiX*^ y->3 2|c:ii-r5J:5t--r5o 

[0 0 2 2] l]4|::^M^v';*xA2 0 nmffi&& 

ft5#JXfc£ 0 

[0023] [135a-5d te#SBW<0»;tK:fi<5^X« 
fiK Stiffen* 3 O^8*^H160iJS:ia^5o &R$£ 
3 ofij(S#(rfeSiJic^DMDr u>r 26^^^y-y 

3 2±tCRWSH$ -J; 5irm&r6 0 feRi£3 0f3;£3§ 
WSrH^-rSfefetwffifflSix-CV^^, £,R2£ 3 0 tcHi 

x»&^r5^*(-ffiffi*tLS«^ift^^T^as^(w 
«ox«#iwwj«na*-6o 

[0 0 2 4] ms a tilEI^SixS «t 5t-, feR^30i- 
^Ho^felKSc. -?:UX#dSfflScSttX*3?), 
-£;h,S><D#*fctfen«3 0<7?ffi^BTffi«*^(atfH^(© 
-X&So J»— H«:7U-A, Itttl/6 0i», 

uxtEsfev^^AxiifiRKs o asic— 

£fcf:t3, 6 0 0ififi& (RPM) XHHES-frX 
V^5 0 CKD^&v^xAXf;*. Ho(75^77— 1^:7 
AaMSqtU ^LTftfcoT, 

A|PJ»| (SYNC) ^fcfflte (IPHW) Stt6o 
[0 0 2 5] *$gWOt>£o<a^tt#jX«:. [glSaid^: 
$ tl5 J: 5 1-^*^^ A SYNC U — A 

Sftxi^ -5 0 rtD^^nfc^ -AS Y 

NCXt>, fen*H3, 6 0 0 R PMT'«$tlt^ 
6o 7 U~ AS YNC«fy7 AOf ^l-^Bl^ 

y-7~7 A£rt>£o. A^T>iro, 
X#*:7:7U— A<^#£ft5 0 c^3B*A^I^»B 

«oXAroB«#tS^fi'&S:5EJ--¥-<*6*6C 
^^TfgX&tK 3t*«fPt-«£**'>^^AC: 

JtlfcLXJ: LV>feKie^fc,<z>SrS#W-5o 
#^Hfc^ AS YNCt-J; y> x ^f-^^u— Aliz: 
ocoi^^^u-At^^fiJ^ti, t>i:o(i^^^u-A 

X, DMD7M 2 6^t) 




(4) 4#H¥8 - 5 1 6 3 3 
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BflteW^tti-ffii:* Wf-^^u-A^^TUfc0#^tc- 

[0 0 2 6] 0 5 a«*fc*»M^S'JO||JfiffJS:t>|g^ 
LX*3t), U — A bfy'^-yr U — 

At|PJC#0f^e>BB*&SttSd^ feR*asj: O^Sffi 
XlHieSixSi:C^^aft5 0 ceo J; t> JfM^jfifitt, 5fc 

iSO^f§, ^/cfi 7, 2 0 ORPMTEllstS^tlwJ: 
«9 N i£— U — A|JIo(OSf^7 U — A s ~o<7> 
U^zf? ^-A N ^LX~ocO#-^^^U-A^|>r 
^rt-ft^o f-^^ A<z>Jg#f2^ 
ff^ft5 0 C^ftSfe^r^m-r^fc^tc, a*^^ 

ACO^-^ (7) ^7 y — ~y~~/~7 U™A(i~0(7)-^y^ U — Atr 
ffi^^o H»a5J|g*^7-*^7U-A(?D»H#^ 

^xitJip-t-^^'e&sctds^^oxv^So 
^-r^ottx^*s$<ts^^^ig^5f C ^ x 

[oo27] msb n^mmm^^mm^m^ u c 

^Xti^,R^3 0^aO(0*7- "^^^ A(r^#J$ 
ti, -t^JIIS#«#. i». ^LX«X% -^co 

30 #*«feP3*3 0<o^ra««^*5J:-€:^»^— XfeSo 
C<OfeR«fittJK(03£SX&5 3, 6 0 0RPMX« 
Six, m5blzm7F&tiZ>£l\Z.fflM&kt>ti2>X\i^ 
5 0 13 5 bO*Jfi««Jie*t UXBI5 atrHjgLXRM 

tltt** iDjJ?—^?? \s — A (7)«FH*dSfie* ^ A 

co^ttO^^ft^fc^Xfc^o BI5 b^HlfeWfifeR 
»dS3, 6 0 0 R P M t V ^' u X V ^ 

6 0 ua*bftas&. BI5 a^HJfi^JjCJtKLXigs bO 

[0 0 2 8] (U 5 b td0^$;h,5»*(afiH4KS: 3 , 6 
0 0 R PMJ: t-P-V^ff-CEWES^SC t fc*rt6X**> 
<9. ^OilS*JE^ffiv^Pflfi^^7-^7^"-At4 
6 0 A^a^Snxi^53£aS:*B*PS 

[0029] ms cn*mw<D%\\<DmMM%m7Fir, z 

50 :tflfeB83 0&$t<D& 5(w^#iSixXV^o feR^ 
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(©9J»^lffltw»rRii-s <t 5 lcg£B£*ixi^s„ yu-& 

gStJ-^u— J*. l/2St/7U-^ Uirooff 
y^u— A, l/2i»U-:/:7 u— A. ^LX l/2#-0- 

y7u-Ai45o ^tommmnms &\zmMi^xmm 

U *LXWfib3fettSfc&«S;KU:<l\, h^#£ 
03tefi#fe^5t^*5J:^:— flSft*S*xfc 0 «oX, HI 5 

So 

[0 0 3 0] |5c \Z.7frr%\\<nmit&mtZ, ttfroTW;* 
7— -y-^^ — i^^^X:? A S YNC&njmt L 
XV^S 0 ^^^ix— ^(D^AJ; 9 t>W*7— 

rfy i/—J±<Dtp£:X*&*cDfr^y J±<dW\M%MZ> 

*p«SttS^-e, ztDmMW&t&Mkk LX£a^£*iSfe 

[0 0 3 1] (U 5 c icHgjg LXRW L/c^fco^H^J 
MIX, feRS^aSKSrlt^-rcttWffi-efct). 

[0032] m 5 d ii*5§wosijoi?js«s:ia^ u c 

So «3l5S;o 1/6 0#(Z)I«7 I/-^WL 

X, i5d(7)feRt3 0|j:l, 8 0 0 R PM"C[§HE£ tl 
So tto"C— 0(07 U — ASYNCdS— IlIte<OM(wi^S 
ir^HSo 7 1/-^SYNC^i5 d tc^fJ: 9 # 

^Rt3 0l:|LX, t>tooiitt:7i^— AW||g#tt: 

tt7 ^-^tc^LX^^t-)ili#^Stc^t?S^, 

my i"—j*mieak<D¥ft<Dm&. o h z co©^ 
7i/-Amx3 0Hzt«n o »»-*-5*r** 



(5) WW 5 ? 8 - 5 1 6 3 3 
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«e*v'^7 i ^(rJttSEb-CJ: LX 
ftiKStuSc Mlc^iljLX^S^fe^^fpJ^^^fc^ 
^feffi^J:t>*m^(^*^^x^X^CSJ:5l-(ife 
£r" ^^yf ( s w i t c h) " 
[0 0 3 3] jfctilRW Lfc <fc 5 t-, I5a-5d t-H]^ 

10 9, — 7 \s — i^Jli#(D&#f£{g|^LX^So cti 

cRT««<o«4sij<ofi«^t>raWw 

Sfflx^So hm, -hia^j^#^atc^ottS7 u- 

ASYNC^r^LXV^o fflx.tfl3 5 b^HJfiffJtdft 
X, 7L/-isSYNC(itt#^^7"t/7^-AW 

P^X4e£S J; 5l-S]^£*iX^So :?)7^SYN 
[0 0 3 4] g| 6 «**M<753SU(7>«F«Srig^ LX*5 9 . 

20 r nn9t\zm.w Lfc&m&:*ssnr- s /t i~$im £ n s<, 

<7)fri?>7V > ht^UX^iE-rs^l^^^ !K E'Jtf)^ 
30 HSo 7v±y9*2 2t±DMVTl"(<Ds</\'XmXmi: 

s 0 

[0 0 3 5] Bl^SttSJ: Pl#7 U-^H7KOC0 

f/7I/- lO^)^ LX^O(7D 

#^^#l$tLXV^So ^^J^ttsw, 

Bl^^?nTv^sstl^ttla 5 i^^a lxi^pj Lfcv^-f 
n to a« I- 1 ®^ $ n s c t * mm £ v ^ 

[0 0 3 6] m6frbftfr&£ i^L 
40 x^cof-^7 1^— ^<7?^/w^«^aW(c:»-t-6*±ffitry 
h^S'Jofelcx#S^:t1-3£<X^-^ (t> Lttyo*^ 
fi) ^$tlXV^So &*7— ^^7U- ^t^^f 

«F(-tt^riB*is?)«ieLx^-^t ^nxv^So 

LXW/5^^^-r S^l-fi *TfiB/jiP8 !)gifiLXt 
> ( b$tlXV^S 0 |pJ««d#W*JiffiK's' htd^LXt>W 
xSo St-SJiflrfcrs/ KJEJl^tfs/ ht>^fc ^T'u^ 

50 tStl-So 




9 

[0 0 3 7] (H7 a*3j:lW2 7 b fc° y — 
y^J y V V -fey h DMDfiK* ^ f i^ffl y ^ tH* 

tfo ^i^i»SI0 8/0 0 2, 6 2 7f x *f*" 
ffllRI*aEB«ffliif*»J«iIsIIS" . T I - 1 7 3 3 3, 1 
9 9 3^1^8 0#H ^Uf^'>f^W 
^H-SBL nx^V y V V -fey hDMDif^fA 

DMDT l/>f SrSft^) y t y h ^V-^l:»fflt 5, #J 
x.fif, t>to(7)TMIi^25, 0 0 Ofl<0»Sr*"-f 
6 1 6 0>y-fey ^(d^fiJSnS,, t><hoO^ 

V —iz/i'&fr* toy y b?Ji'—7ft<nx>k*i<Dm&9l 
»U aoUfco(oy ir y h^/v— :/<75«fcfc|^BStc:fct 

S:ffi/fl-*-£lfrg\ T>£o*>try Y&&frh<nx>ki<nv 
-fe y h^-:/0^:XO t*y hll^^y F^lcn— K* 
ft, ftfcy -fey b?si—7*n* — K&ftfcfy 
T3EHSft5o #J;ttf, 8 try h^^BaclB-ett. ]) 
-fey /©A#g^ffii^TWIfsy M s ^Kl- 

n-KSttSo ;*^y t^'Joy iry h^/W-^ffl 

<ns<A'*ij&g£M\zy hjftso— K£ft. ■toy "fey h^A' 
-^ttn- KSftfc^y icttoXXMSft. co-y-^f 
^ ;vtl#* ©Jlty h ^/U— :7V)^XCD^/l^i|)M^f| 

ft5£X?j«$H-<5 0 try h^y^tmEMo^n-fey 
f-2 2 ir^^ey 2 4 ^-Cl^ffStLSo ^^ey 24fiDM 
D7K2 6 £#«LXlvrfc&fcte«^£ftX^Xfc 
SV^i:*r3®fi?£ftfcv\, 

[0038] x^y ^ hytj/h^v-^D-f^y 
y<nm&tfywsL&m 7 a tr^-n ia i a o^tTHia^x 

^£ft6£5t-. y iry h^/i^-^ti^4 Otd^tt 

£4Ss&£> try hto- K£ft* 0 fts^yts/h^- 

^1^4 2(C»*t6WS^try hX^ICD™ KSft 
*<6^Wtfy hO^T^SBirit «»fco0)y-fey 
5 0 S#JOy iry h ^litO/^^ifflKW^X 
tt-tO^/U^iHSEBlO^XOtry h£,&4 6T^Tf 
[0 0 3 9] *«WKBBLX. #J;ttfl35 a, 5b, 

Ofel:#ftf^i^(^^yy y hy -fey h DMDffl© f 
y h^y^V^ (bit packing) teg) 7 b |C 
<fc 5 l-HfT£ft£ 0 H 7 b 5 a (o"3£SS:*i 

X, *td^y-fey h^-yii, 0 7 a |f31SI;K4 




(6) «MHW8 ~ 5 1 6 3 3 
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0Xn-KSft6 o |PJ«iw«j»y iry h ^-^10 7 
a i:fRlC< ,&4 2XS#Jt-n— K$ft6 0 fi^^^yh 
^^X&^O^y y h y-fey h ^td/S 4 8£ 

Xn — Kc?^ I C0^tit^7 
5 0 J&4 8 ^^y^U-^O^^^O^O^fifeR 

[0 0 4 0] 19 7 b 7-t^7 l/-A©ftjBfii 

E"C*fc*), B17 a(75«(r«V^Xfil^*V^S % Ctlli^t 
1 <DX7V y hyiry h^-^tOi^^Wiill 

TUXV^^^o^^v^*I^^^T^ii:6fci46tw^^ 
y^hyty^/w-^sp-KSiiSo cixttfB-* 

^7^ — f-^^ U — A^OD^^y y h y -fey Y # fV— ~? 
0 7 a tSTSil6#ty7 U-A^^tia^ 

jH#x*n— Ki-^^tt-j: t)*msttSo &oxm—v 

t^h^"/fi^4 4t'n-K^tl, *»y-feyh^ 
/^-yn&4 6Xn- KSft. ^XO^/V^fiXMbfy 
K£ft,&4 8XHtTMS^ti-5^Xo- KSft 
20 £ G 7 b b ft*5J:t/#* 

7-^7U-^tc»LXtlP]«(wfiEfflStie o 
[0 04 1] ££oX. i£— !lifc:7 Ofetd 

ro^7-t^7 ^^y y h 

y-fey hDMDM^bV^xAi-^f-r^^XO^^^^rtig 
SEW try Mi, h^y^r>^HlitwJ:5^oa^ 

30 fc5o 

[0 0 4 2] #/r^fe(c»UX— 

At^-<x^^#< o^^y y h y-fey hBM&jniiBas^ 

fib. «§oXaa4trrt7 lz-ASBrtl^T^w 

^iieaciHtry h^ntT-refc^id^-^o^^y y h y -t 

y b^/^—ytDX tJip.^n-^V y^MSi t> L 

i>±x <Ds</uxm&n tr y h S v ^ t 

40 [0 0 4 3] **MSr»tt(c»MLXtfcdS. ffi^O^ 

[0044] &±<Dmw\~m^xm^T<Dm&m^*t 

(1) ^■Vv'-Y^Mtt-fkO^jfe-e&oT : t>i:oco 
Hj^^ i^— borate: |g— feo^/ c e< ^ ^^oco^7^— f- 

fe^4< dr t)lo^7-t/7 ^AtfiSL ; 
50 L-Xt>i:ocoilj^^ u-AioBl:S£ftW'>i< ^^b~ 
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[0045] ( 2 ) n i mmm.<njjm^m^x. jem : 

[0 0 4 6] (3) »2 3jHa*^*&(-»V^T. £R3& 

[0 0 4 7] (4) »2:iS15*W;frifct£»l^\ feRM 
[0 0 4 8] (5) i/—'r^i<'\^mmk<OJjfeX*%>^ 

x : r><toc7)jij^7 u-Awici-^^^ < th— 

000*7— I*-:/ :7 u— Afc£fifcU ; X>b^(Dm$>7 

; ^rL.Tt>^oco®^7 U-^(0|HiZ^ 
<D'J?fj:< fctt>too*7— f'^^U'— 

[0 0 4 9] (6) IB5«|B*^*jfe(c:»V>X, a 
00*7 — 1^:7 u-i»jji#*WiBft7 ^oo£££ 5 £ 

[0 0 5 0] ( 7 ) » 6 «1B*fcO*«telClJ»V^"C : Jg— fe 
00ZlO00*7 — U — ^J&SfeSSiX ; fgH^OOO^ 
000*7— ^y^U— A^^^^L ; ^•LXMHaoo- 
000*7-1?-^^ U — JB~fe*>*7— * 

7*7 U — A<75#irt>i:O^Jg = fe(^*^— ^7*7 U — ^ 

[0 0 5 1] (8) »5«fa*^)*jfe(C»V^-C. JStil : 

[0 0 5 2] (9) JB5«|a«cO*ffi(C»V>-C. £R3£ 

[0 0 5 3] (10) »5 3SIE«W*jfetc:j»V^"C, £R 

[0 0 5 4] (11) #5*ett<0#ifefc;^"C, IE 

(c : fflS'Joo^^^^^^^^c^^>^J:^7^ 

[0055] (12) ^—^>^^/\-m^t<Djjmxh 

oX : t><hooo®^7 AOfpllC^— fe<D*7~ 1^ 
7 W — ; *7 — U — -A0O^Xt><h 

OOOH|^7 u— ^(OBt-S— feoo*7—f-^^ U — jU^ 
£j#L ; ^~*7— 1^^7 ^<^-Ct>£ooDHf#7 
U-^(7)^(-^HfeOO*7~^^^ U-A^^jcL ; 
L.X&0OiItf£7 u-jUOOPfl, *7-t^KA^ 



(7) ^BB3p8-5 16 3 3 
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[0 0 5 6] (l 3) mi 2*1Ett<o;fr«fcU:»ivr, S 
UT#^<7?*7--^^7U-^S:^figi-5fc46{c:feR« 

[0 0 5 7] (14) >— fr>i/*rJi'WWk>'XTJ*~1*- 
fcot : Steffi* £ ; 9(fia*jlR^e>^*dS^CS:iiUXfiS*f 

£ ;ii&lE5teffiL ffirflBfeRK. * LTlWlE£RS]#«»HI* 
MBU t>£ooo®^7U— A^PfltrJB— fero-f-< ft< 
10 £ ^"000*7—-^^^ -M^/SSix* T><hooom 
^7U-i,ooP^tc^-^oo-r< irtit>^ooo*7- 
-9-77is—J*i!>*±f£&ti* -£LXt><hoooHj^7 u-i. 
oop B 1tc:|SHfeooi-< ft< <fr i^O^o^*^-^^ 

[0 0 5 8] (15) !B1 4«K«O^X7^KtH^ 
X. feOO*7 — -^^^U — A^#>^CDilj^7 ^ 

[0 0 5 9] (16) f 14JHEfcOi/^rAI^^ 
20 X. SMaftRffltfS : *^*#$a^1EfeR»<o#»ffl« 

o^H^oo-Xfc^^-feoom-^ir 

^fflrsafiR»(Z5*a«*^ia^^— 
^^feR»i73*a«*(DiaffA»w— -efcss-fe^ 

[0 0 6 0] (17) Hi 4^IEttOOv-^x^^V> 
30 X. S(rlBfeR*^#^^iiSf«7U-A^/j:< tt>— AS 

[0061] (is) mi 4mmm?>i/*7 L Mcm^ 
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* continue to perceive light for a short period (a time 

METHOD AND APPARATUS FOR SEQUENTIAL constant) even after the light has disappeared. 

COLOR IMAGING The problem of color separation occurs in sequential 
color systems only when the human eye follows the 

TECHNICAL FIELD OF THE INVENTION 5 moving object. As shown in FIO. 3a, if the human eye 

This invention relates generally to imaging systems, does not follow the moving object, then each image 
and more particularly to a method and apparatus for frame of light from the moving object will fall on differ- 
sequential color imaging. ent locations of the retina as the object moves. Thus, for 

each image frame, before red is perceived, the green 
BACKGROUND OF THE INVENTION io ^ blue light will be laid down at one location, and the 

In the field of imaging technology, a significant need appropriate color will be perceived. Light from the next 
exists to increase image quality while at the same time image frame will then fall on another location of the 
maintaining low cost and low complexity. Unfortu- retina, and the appropriate color will again be per- 
nately, these goals often conflict For example, a partio- ceived. However, as shown in FIG. 36, if the eye fol- 
ular class of imaging systems, known as sequential color 15 lows the object, the red light from the object will al- 
systems, offer lower cost and complexity than other ways fall on one place on the retina, the blue light will 
imaging systems, but at the sacrifice of some image always fall on another place on the retina, and the green 
quality. light will always fall on still another place on the retina. 

Sequential color systems generate images by sequen- Each of these places will be offset, due to the temporal 
tially laying down red, green, and blue light in a single 20 separation of color subframe. Therefore, the lead- 
image frame, which typically lasts 1/60 of a second. In mg edge of the moving object will always appear red, 
non-sequential color systems, the red, green, and blue while the trailing edge will always appear blue. This 
light are laid down simultaneously. The nonsequential occurs because the eye moves before the blue and green 
color systems, therefore, employ about three times the m ^ down at me leadmg edge, for example. The 
hardware and complexity of sequential color systems. 25 fastef the object moves , the greater will this color sepa- 

An excellent example of the distinction between se- ration be> ^ ^ distance the object moves from one 
quential ffd^ 0 ^^^^^,^^^ provided ^ frame to ^ next ^ ^ ^Ux. 
by spatial light .modulator C SLM ) projection systems. ^ color ^^on becomes more and more com- 
One type of SLM imaging systems uses arrays of indi- . , *u c+<fcir Tw ft „ «k;~* ~^„~c a* a^^u^a 
vidual elements, such as deformable mirror devices 30 ^ °^ ect mov * s - As desx^bed 

("DMDs"). to reflect light onto or away from a projec- a ^° ve ' * e leadm ti g r a PP^ r ^ d * e 
non screen. In non-sequential color systems, three f d ^ ^ blue > ^ ^ential cotor systems that 

DMD arrays are used in parallel, one each for red, down red ' then green, then blue. As the speed of the 

green, and blue light In contrast, a sequential color °*J ect mcreas ^» however, not only will the, leading 
system SLM device requires only one such array, with 35 **S? appear ^ the area of the object just behind 
the red, green, and blue light sequentially reflected by the leading edge will appear to be a combination of red 
the single DMD array. The need for three such arrays and green. Likewise, the area just ahead of the trailing 
in the non-sequential color system triples the require- ed S e ™& appear to be a combination of blue and green, 
ments for the DMD arrays and attendant hardware The problem of color separation is most notable 
over the sequential color system 40 when the moving object and its background are in high 

As discussed above, however, sequential color sys- contrast For example, a white object moving against a 
terns have certain limitations. One such limitation is that black background or a black object moving against a 
of color separation. Color separation occurs in sequen- white background. Examples of situations where the 
tial color systems when an imaged object moves across human eye might follow such moving objects include 
a projection screen, and the human eye follows it. 45 sporting events where the human eye may follow a 
FIGS. 1-3 illustrate the problem of color separation. player whose uniform is in high contrast with the back- 

FIG. la illustrates a projection screen 10 and an im- ground, dance presentations where the human eye may 
aged object 12 that will move across the screen 10. In follow the dancer, and other similar situations. 
FIG 16, the various locations of- object 12 are shown at SUMMARY OF THE INVENTION 

five different tune periods. Each of these tune periods 50 

corresponds to one image frame. For a sequential color Therefore, a need has arisen for a sequential color 
system that lays down color in the order of red, green, system that reduces perceived color separation, thereby 
and then blue, the object 12 will be generated by first providing for higher image quality, 
laying down the red, then the green, and then the blue. In accordance with the teachings of the present in- 

Therefore, as the object moves, the leading edge of the 55 vention, a method and apparatus for sequential color 
object 12 (with respect to its movement) will appear imaging is provided which substantially eliminates or 
red, while its trailing edge will appear blue. This phe- reduces disadvantages and problems with prior art im- 
nomenon is known as color separation. aging systems. 

FIGS. 2 and 3 illustrate how color separation occurs. In particular, a method of sequential imaging is dis- 

As shown in FIG. 2, red is first laid down on the screen 60 closed in which at least two color subframes of a first 
for about J of the imaging frame. After the red light is color, at least two color subframes of a second color, 
turned off, the green light is then turned on for about § and at least two color subframes of a third color are 
of the color frame, and then the green is turned off and generated during one image frame. By generating color 
the blue is turned on for the reniaining about j of the subframes in this manner, color separation is greatly 
color frame. As shown in FIG. 2, the perceived inten- 65 reduced. 

sity of the light dies away asymptotically after it is In another embodiment of the present invention, at 
turned off. This asymptotic decrease illustrates the fact least two color subframes of a first color, at least one 
that the human eye has ''memory" which allows it to color subframe of a second color, and at least one color 
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subframe of a third color are generated during one 
image frame. With this embodiment, for example, two 
color subframes of the second color can be generated, 
one each before and after the color subframe of the 
third color. S 

In still another embodiment of the present invention, 
a method of sequential imaging is provided in which a 
color subframe of a first color, a color subframe of a 
second color, and a color subframe of a third color are 
generated in one image frame. During the next image 10 
frame, the order that the color subframes are generated 
is reversed. 

A sequential imaging system is also provided in 
which a light source shines light through a color wheel. 
A spatial light modulator that includes a plurality of IS 
individual elements reflects the light from the color 
wheel onto a screen. A processor is provided which 
controls the light source, the color wheel, and the spa- 
tial light modulator such that at least two color sub- 
frames of a first color, at least one color subframe of a 20 
second color, and at least one color subframe of a third 
color are generated during one image frame. 

An important technical advantage of the present 
invention is that color separation is greatly reduced by 
increasing the number of color subframes in an image 25 
frame, thereby reducing the amount of time that a single 
color will be perceived. Another important technical 
advantage of the present invention is the fact that color 
blending techniques may be used to further reduce 
color separation in sequential imaging systems. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction 35 
with the accompanying drawings in which like refer- 
ence numbers indicate like features and wherein: 

FIGS, la and lb illustrate a moving object on a pro- 
jection screen; 

FIG. 2 illustrates perceived intensities in a sequential 40 
color system; 

FIGS. 3<z and 3b illustrate the interaction between the 
human eye and a moving object; 

FIG. 4 illustrates a block diagram of a particular 
imaging system according to the teachings of the pres- 45 
ent invention; 

FIGS. Sa-5d illustrate alternate embodiments of the 
present invention; 

FIG. 6 illustrates color blending according to the 
teachings of the present invention; and 50 

FIGS, la and lb illustrate a technique for packing bit 
patterns for a split reset system according to the teach- 
ings of the present invention. 



DETAILED DESCRIPTION OF THE 
INVENTION 



55 



FIGS. la-3b have been described in connection with 
the background of the invention, and explain the prob- 
lem of color separation in sequential color systems. 
Sequential color systems include a myriad of different 60 
technologies, including SLM technologies (a subset of 
which is DMD technologies) and CRT technologies. 
Particular applications for sequential color systems in- 
clude conventional television (whether in NTSC, PAL, 
SECAM, or other formats), wide scene conventional 65 
television, high definition television, industrial projec- 
tors, home use projectors, and cinema projectors, 
among other applications. 



FIG. 4 illustrates a block diagram of a particular 
application of the present invention. As shown, sequen- 
tial color imaging system 20 includes a processor 22 that 
controls a DMD imaging system. Processor 22 is cou- 
pled to memory 24 and DMD array 26. Memory 24 may 
also be coupled to DMD array 26 for direct memory 
input to DMD array 26. Processor 22 may also be cou- 
pled to receiver 27. Receiver 27 receives image inputs, 
such as analog or digital video images transmitted 
across a cable system or the air waves. Data from the 
receiver 27 is stored in memory 24. Memory 24 may 
also receive input directly from the image input, for 
example when the image input transmits in digital image 
data. Image input data received by receiver 27 can be 
processed by processor 22 to convert it to the appropri- 
ate format for operation with DMD array 26, a light 
source 28, and a color wheel 30. 

Processor 22 controls light source 28, color wheel 30, 
and DMD array 26 such that light from light source 28 
is transmitted through color wheel 30, reflected off 
DMD array 26, and onto a screen 32. 

The imaging system 20 of FIG. 4 may be either a rear 
projection or front projection system. Furthermore, as 
described above, the present invention works for a vari- 
ety of technologies, and the particular shown in FIG. 4 
is exemplary only. 

FIGS. Sa-5d illustrate various embodiments of color 
wheel 30 constructed according to teachings of the 
present invention. Color wheel 30 turns so as to allow 
sequential color fields to be reflected from DMD array 
26 onto screen 32. Color wheel 30 is used to illustrate 
the present invention, it being understood that the tech- 
niques discussed in connection with color wheel 30 can 
be used to control other devices as well. For example, 
three light sources, a red light source, a green light 
source, and a blue light source can be used with a single 
DMD array to sequentially generate red, green and blue 
fields. Similarly, in a CRT system, electron beams that 
are used to generate red, then green, then blue can be 
sequenced according to the following teachings. 

As shown in FIG. 5a, color wheel 30 is provided with 
three color fields, red, green, and blue, each of which is 
approximately one-third of the useful area of the color ' 
wheel 30. For a single image frame, typically 1/60 of a 
-second, conventional systems rotate color wheel 30 
once per image frame, or at a rate of 3,600 revolutions 
per minute (RPM). In such systems, there are three 
color subframes, one each for red, green, and blue, and 
each image frame is begun (synchronized) at the con- 
ventional frame synchronization (SYNC) point shown 
in FIG. 5a. 

In one embodiment of the present invention, the con- 
ventional frame SYNC is moved to the middle of the 
red subframe, as shown in FIG. 5a. With this improved 
frame SYNC, the color wheel is rotated at 3,600 RPM. 
Moving the frame SYNC to the middle of the red sub- 
frame results in a color sequence of one-half red sub- 
frame, one green subframe, one blue subframe, and 
one-half red subframe. The result is that the amount of 
time that the human eye perceives red at the leading 
edge of a moving object is reduced in half. Thus, the 
human eye will begin to mix the red and the green more 
quickly, thus providing for a leading edge that is closer 
to the desired color than in conventional systems. With 
this improved frame SYNC, the red subframe is split 
into two subframes, one coming before the green sub- 
frame, and the other coming after the blue subframe. 
Thus, the mirrors of DMD array 26 will have to be set 
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one additional time, resulting from the fact that the red 
subframe will have to be set once at the beginning of the 
video frame, and then completed after the blue sub- 
frame. It should be understood that the frame SYNC 
could also be placed in the middle of the blue or green 5 
color subframes as well. 

FIG. 5a also illustrates another embodiment of the 
present invention, in which the image frame is begun in 
the same place as a conventional video frame, except 
that the color wheel is rotated at a higher rate. This 10 
higher rate will reduce the amount of time that the 
leading edge will be one particular color, such as red in 
the example being discussed. For example, by rotating 
the color wheel at twice the conventional speed, or 
7,200 RPM, a single image frame will include two red IS 
subframes, two green subframes, and two blue sub- 
frames. The order of the subframes will be red, green, 
blue, red, green, blue. To implement such a scheme, 
each of the color subframes of a conventional system 
are divided into two subframes, each lasting half as long 20 
as a conventional color subframe. Experiments have 
shown that the sequencing of the color subframes . 
should be increased to about four times the conven- 
tional rate to eliminate the perception of color separa- 
tion. However, the use of a lower rate, such as twice the 25 
conventional rate, improves the perception of color 
separation, but does not eliminate it completely. Com- 
plexity and costs are increased as the speed increases, 
and thus the particular application will dictate how 
much speed increase is appropriate. 30 

FIG. Sb illustrates another embodiment of the present 
invention in which color wheel 30 is divided into six 
color subframes, having a sequence of red, green, blue, 
red, green, and blue, each of which is approximately 
one-sixth the useful area of color wheel 30. This color 35 
wheel is rotated at the conventional rate of 3,600 RPM 
and SYNCHed as shown in FIG. Sb. The embodiment 
of FIG. Sb results in the same advantages as the higher 
speed embodiment discussed in connection with FIG. 
5a, since the length of time of each color subframe is 40 
half that of conventional systems. The embodiment of 
FIG. Sb allows for use of conventional motors to drive 
the color wheel, since it rotates at the conventional 
speed of 3,600 RPM. However, some brightness reduc- 
tion occurs with the embodiment of FIG. 56 as com- 45 
pared to the embodiments of FIG. 5a, due to the in- 
creased light source blanking time (to allow transitions 
between the color subframes). 

The particular color wheel shown in FIG. Sb may 
also be rotated at a rate higher than 3,600 RPM, result- 50 
ing in color subframes of even shorter lengths of time. 
Increasing the speed at which the color subframes are 
presented significantly reduces or eliminates color sepa- 
ration. 

FIG. 5c illustrates another embodiment of the present 55 
invention, in which color wheel 30 is divided as follows; 
approximately one-third of the color wheel is red, ap- 
proximately one-third of the color wheel is blue, and 
approximately one-third of the color wheel is green. 
However, the green is divided into two separated sec- 60 
tions each of about one-sixth of the useful area of the 
color wheels, each angularly disposed between the red 
and the blue portions of the color wheel 30. The frame 
SYNC is provided at the middle of the red portion of 
the color wheel. Thus, for one image frame, the se- 65 
quence will be J red subframe, J green subframe, one 
blue subframe, J green subframe, and $ red subframe. 
This embodiment is similar to the first embodiment 



discussed in connection with FIG. 5a, with the differ- 
ence that the green subframe is split into two subframes 
surrounding the blue subframe. This is particularly ef- 
fective because of the fact that red, green, and blue light 
carry different perceptual weightings. In general, the 
human eye perceives green light better than it perceives 
red light, and blue light is perceived worst. Tests have 
shown that green light is perceived about five times 
better than blue light, and green light is perceived al- 
most twice as well as red light. Thus, with the embodi- 
ment of FIG. 5c, better color mixing is achieved by 
splitting the green light into two color subframes. 

Another embodiment shown in FIG. 5c allows for an 
alternative frame SYNC in the middle of the blue color 
subframe. SYNCing each video frame in the middle of 
the blue color subframe, rather than in the middle of the 
red color subframe, provides that blue light will be at 
the leading edge and trailing edge of a moving object. 
As discussed above, blue is perceived least by the 
human eye, and thus this embodiment will result in 
greater reduction in perceived color separation. 

For both the embodiments discussed in connection 
with FIG. 5c, the speed of the color wheel may also be 
increased, resulting in greater reductions in color sepa- 
ration, but adding complexity, as discussed above. 

FIG. Sd illustrates another embodiment of the present 
invention in which the color wheel is configured simi- 
larly to the color wheel in FIG. 5c. However, the color 
is rotated at a speed to allow for two video frames to be 
written in one color wheel revolution. For example, for 
conventional image frames of 1/60 of a second, the 
color wheel 30 of FIG. Sd would be rotated at 1,800 
RPM. Thus, two frame SYNCs are needed in one revo- 
lution. By placing the frame SYNCs, as shown in FIG. 
Sd, in the middle of the red and in the middle of the blue 
color subframes, perceived color separation is greatly 
reduced. With the color wheel 30 of FIG. Sd, the se- 
quence of one image frame is red, green, blue, as in 
conventional systems. However, the next image frame 
sequence is blue, green, red. This alternating sequence 
for each image frame results in the leading edge of the 
moving object flickering from red to blue and blue to 
red at a rate of half the image frame frequency, for 
example, a flicker of 30 Hz for an image frame fre- 
quency of 60 Hz. The trailing edge of the moving object 
will have the same flicker. This flicker may be per- 
ceived as a flicker or as a combination of red and blue, 
for example, magenta. The result is a perception that the 
leading edge and trailing edge of the moving object are 
closer to the true color than in conventional systems. 
Furthermore, as the moving object changes direction, 
the leading and trailing edges will not "switch'* colors, 
as occurs with conventional systems. 

As discussed previously, the examples of the color 
wheels shown in FIGS. Sa-Sd are for purposes of teach- 
ing the present invention, and are illustrative of tech- 
niques for sequencing color frames. These sequencing 
techniques can apply to other technologies as well, such 
as to CRT technologies. Furthermore, the above exam- 
ples disclose frame SYNCs at particular locations. For 
example, in the embodiment of FIG. 5b, the frame 
SYNC is shown as occurring between the blue and red 
color subframes. The frame SYNC could be moved, for 
example, between the green and blue color subframes, 
without departing from the intended scope of the pres- 
ent invention. 

FIG. 6 illustrates another aspect of the present inven- 
tion that may be used to augment the techniques dis- 
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cussed above. In some DMD based imaging systems, all of the pulse width modulation bits for each reset 
the intensity of any color is created by the pulse width group are loaded at different times (as no two reset 
modulation of the mirrors of the array. For example, to groups can be changed at once). The first reset group 
generate a mid level green, a mirror may be on far half completes all bits of its pulse width modulation at point 
of a color subframe, with the total on time being the 5 44, while the last reset group completes all bits of its 
result of several on-off sequences of different lengths. pulse width modulation at point 46. 
The on-off times are controlled by bits stored in mem- With the present invention, for example the embodi- 
ory . By distributing the on time of the most significant men ts shown in FIGS. Sa, 5b, and 5c, wherein there are 
color intensity bits across each of the color segments, two or more color subframes for each color during each 
additional blendmg of color and consequent reduction 10 image cycle, bit packing for a split reset DMD will be 
in perceived color separation can be achieved. Proces- performed as shown in FIG. lb. FIG. lb particularly 
sor 22 controk the pulse width modulation of the DMD musiIate3 the increased speed embodiment of FIG. Sa 
array. FIG. 6 illustrates a particular example of this wherein ^ se q ue nce may be red, green, blue, red, 
technique. green, blue. In the first red color subframe, the first 
As shown, an image frame is divided mto six color 15 reset &oxip is i oaded at ^ 40, just M 7fl . 
^frames, *vo for blue, two for green and two for red. Sin ^ ^ ^ reset ^ is ^ loaded at ™^ J 
The particular sequence of blue, green^ red red, green, just ^ { ^ mG , 7fl . Pa rti c lua^its are then loaded in each 
blue corresponds to the second embodiment shown in r*u i-* * ^ • . " , . ™" 
FIG. 5c, it being understood, however, that the^c£ t ^ at^which time the 
nique illustrated applies to any of the techniques dis- 20 ^een ^frame is to begin. The space between point 
cussed in connection with FIG SaSd. 48 and the begmmng of the green subframe is the blank- 
As can be seen in FIG. 6, the most significant bits for time required for transitions between colors on the 
the pulse width modulation of each of the blue, green, !f " . . , , . 
and red subframes are on (if at all) as close to the other The end ^/j* color subframe of FIG. lb is verti- 
colors as possible. For example, the most significant bits 25 ^ and not shnted 35 m mG la > * nce ^ mUTOrs of 311 
for the green color subframes are on as close as possible Spht r !? et . grou ? s <** b * re »* to the same position at 
in time to the transitions from blue to green and green to ""^ During the second red color subframe, the split 
red. Likewise, the most significant bits for the blue reset ^"P 5 ^ be loaded ^ as to finish the pulse 
subframes are on as close as possible in time to the tran- ™ dth modulation not vet completed at the end of the 
sitions from green to blue and blue to green. The same 30 ^ red color subframe. This is accomplished by load- 
is true for the red most significant bits as well. Further- mg ^ s P Ut reset eroups for the second red color sub- 
more, bits other than the most significant bits may also frame in the reverse order than this half of the red sub- 
be turned on as close as possible to color transitions to frame would have been completed in FIG. la. Thus, the 
increase color blending. first reset group is loaded at point 44, and the last reset 
FIGS, la and lb illustrate a technique by which bit 35 6 rou P » loaded at point 46, until all of the pulse width 
patterns can be packed for a split reset DMD projector modulation bits have been loaded and executed at point 
system that includes the techniques discussed above. 48 * This technique is used for the green and blue color 
U.S. patent application Ser. No. 08/002,627, entitled subframes as well, as shown in FIG. lb. 
"Pixel Control Circuitry for Spatial Light Modulator," Thus, when there are two color subframes for each 
TI-17333, filed on Jan. 8, 1993, and assigned to TEXAS 40 color m a single image frame, all of the pulse width 
INSTRUMENTS INCORPORATED discloses a split modulation bits for a split reset DMD imaging system 
reset DMD image system and is herein incorporated by can ^ e packed without any efficiency loss due to the bit 
reference. Generally speaking, split reset DMD systems packing sequence. The only efficiency losses, if any at 
divide a DMD array into a number of reset groups. For all, come from the fact that the additional color sub- 
example, an array may be divided into sixteen reset 45 frames require more blanking time as the light is 
groups of 25,000 mirrors each. A single memory cell changed from one color to the next, resulting in some- 
controls one mirror in each reset group, and thus the what reduced brightness. 

mirrors of no two reset groups can be changed at once. When more than two color subframes for each color 

When using pulse width modulation to generate color are used, for example with a color wheel turning at four 

intensity, all the bits of one reset group from one bit 50 times the conventional speed, there will be more split 

location are loaded into memory, and that reset group is reset start , periods than in a conventional split reset 

then changed according to the loaded bits. For exam- system, thus requiring either faster loading of each split 

pie, with 8-bit pulse width modulation, all of the eighth- reset group to perform all pulse width modulation bits 

location bits for a reset group are loaded at once. Next, in the appropriate video frame time, or the loss of effi- 

the memory is loaded with pulse width modulation bits 55 ciency if not all of the pulse width modulation bits are 

for another reset group, and that reset group is changed completed. 

according to that load of the memory, and this cycle Although the present invention has been described in 

continues such that all pulse width modulation bits of detail, it should be understood that various modifica- 

each reset group are loaded and executed within a sin- tions, alterations, or substitutions can be made without 

gle image frame. The bit packing is performed by pro- 60 departing from the spirit and scope of the invention as 

cessor 22 and memory 24 of FIG. 4. It should be under- defined by the appended claims, 

stood that memory 24 may be separate from or integral What is claimed is: 

with DMD array 26. 1. A method of sequential imaging, comprising the 

A graphic representation of the loading of spht reset steps of: 

groups is shown in FIG. la. As shown by the paralleled 65 generating at least two color subframes of a first color 

gram of FIG. la, the first reset group is loaded with a during one image frame; 

particular bit at point 40. The last reset group is first generating at least two color subframes of a second 

loaded with a particular bit at point 42. As time goes on, color during said one image frame; and 
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generating at least two color subframes of a third 
color during said one image frame, wherein said 
generating of said first, second and third colors is 
accomplished by pulse width modulation of indi- 
vidual elements of a spatial light modulator for 5 
predetermined on and off times. 

2. The method of claim 1, and further comprising the 
steps of: 

shining light through a color wheel onto said spatial 
tight modulator; and 10 

rotating the color wheel to generate each of the color 
subframes. 

3. The method of claim 2, wherein the color wheel is 
rotated at least twice during the image frame. 

4. The method of claim 2, wherein the color wheel is 
rotated once during the image frame. 

5. A method of sequential imaging, comprising the 
steps of: 

generating at least two color subframes of a first color 2 q 
during one image frame; 

generating at least one color subframe of a second 
color during said one image frame; and 

generating at least one color subframe of a third color 
during said one image frame, wherein said generat- 25 
ing of said first, second and third colors is accom- 
plished by pulse width modulation of individual 
elements of a spatial light modulator for predeter- 
mined on and off times. 

6. The method of claim 5, wherein said color sub- 30 
frames of the first color are generated at the beginning 
and end of the image frame. 

7. The method of claim 6, wherein: 

two color subframes of the first color are generated; 
one color subframe of the third color is generated; 35 
and 

two color subframes of the second color are gener- 
ated, one each of the color subframes of the second 
color being generated before and after the color 
subframe of the third color. 40 

9. The method of claim 5, and further comprising the 
steps of: 

shining light through a color wheel onto said said 

spatial light modulator; and 
rotating the color wheel to generate each of the color * 5 

subframes. 

9. The method of claim 5, wherein the color wheel is 
rotated at least twice during the image frame. 

10. The method of claim 5, wherein the color wheel 
is rotated once during the image frame. 

11. The method of claim 5, and further comprising 
the steps of: 

distributing the on times within each color subframe 



10 



50 



such that said on times occur as near in time as 
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possible as the on times within adjacent color sub- 
frames. 

12. A method of sequential imaging, comprising the 
steps of: 

generating a color subframe of a first color during $o 
one image frame; 

after the first color subframe, generating a color sub- 
frame of a second color during said one image 
frame; 

after the second color subframe, generating a color 65 
subframe of a third color during said one image 
frame; and during the next image frame, generating 
the color subframes in reverse order. 



13. The method of claim 12, and further comprising 
the steps of: 

shining light through a color wheel onto a spatial 

light modulator; and 
rotating the color wheel to generate each of the color 

subframes. 

14. A sequential imaging system, comprising: 
a light source; 

a color wheel through which light from said light 
source is shone; 

a spatial light modulator including a plurality of indi- 
vidual elements for receiving the light through said 
color wheel and operable to generate images using 
said light; 

a processor operable to control said light source, said 
color wheel, and said spatial light modulator such 
that at least two color subframes of a first color are 
generated during said one image frame, at least one 
color subframe of a second color is generated dur- 
ing said one image frame and at least one color 
subframe of a third color is generated during said 
one image frame, wherein generating of said first, 
second and third colors is accomplished by said 
processor controlling the pulse width modulation 
of said individual elements of said spatial light mod- 
ulator for predetermined on and off times. 

15. The system of claim 14, wherein said color sub- 
frames of the first color are generated at the beginning 
and end of the image frame. 

16. The system of claim 14, wherein said color wheel 
comprises: 

a first area of the first color, the size of which is ap- 
proximately one-third of the useful area of said 
color wheel; 

a second area of the second color, the size of which is 
approximately one-sixth of the useful area of said 
color wheel; 

a third area of the third color, the size of which is 
approximately one-third of the useful area of said 
color wheel; and 

a fourth area of the second color, the size of which is 
approximately one-sixth of the useful area of said 
color wheel, said second and fourth areas being 
separated angularly by said third area. 

17. The system of claim 14, wherein the color wheel 
is rotated at least twice during the image frame. 

18. The system of claim 14, wherein said color wheel 
is rotated once during the image frame.. 

19. The system of claim 14* wherein said processor 
distributes the on times within each color subframe as 
near in time as possible to on times of adjacent color 
subframes. 

20. The system of claim 14, wherein the system is a 
split reset DMD system having a plurality of groups of 
individual elements, wherein there are two color sub- 
frames for each color during the image frame, and 
wherein said individual elements are controlled with 
pulse width modulation bits for the predetermined on 
and off times, and further comprising circuitry operable 
to: 

load one half of said bits for each color during a first 

respective color subframe for each color; 
reset said individual bits at the end of each color 

subframe; and 
load the remaining portion of said bits for each color 

during a second respective color subframe for each 

color. 



